Kinetics and mechanism of the serine beta-lactamase catalyzed hydrolysis of depsipeptides.
Steady-state kinetic parameters have been determined for the hydrolysis of a series of acyclic depsipeptides (ester analogues of acyl-D-alanyl-D-alanine peptides) catalyzed by representative class C (Enterobacter cloacae P99) and class A (Bacillus cereus I, TEM-2, and Staphylococcus aureus PC1) beta-lactamases. The best of these substrates, and the one most used in this work, was m-[[(phenylacetyl)-glycyl]oxy]benzoic acid, whose rates of cleavage could be followed spectrophotometrically. The P99 enzyme also catalyzed the methanolysis of these substrates in aqueous methanol solutions. Quantitative evaluation of the effects of methanol on the kinetics of the competing hydrolysis and methanolysis reactions, and on the product distribution, supports a reaction mechanism involving an acyl-enzyme intermediate whose formation is rate-determining under conditions of substrate saturation. Consideration of the variation of these kinetic parameters with the structure of the depsipeptides and comparison with the analogous parameters for bicyclic beta-lactam substrates suggest that a variety of substrate binding modes exist on this enzyme. The class A enzymes, B. cereus beta-lactamase I and the TEM-2 beta-lactamase, catalyze depsipeptide and benzylpenicillin hydrolyses but not methanolysis. The acyl-enzyme derived from both types of substrate is thus shielded from external nucleophiles; the shielding is therefore not an effect, direct or indirect, of the thiazolidinyl group in the penicilloyl-enzyme. The class A beta-lactamase of the PC1 plasmid of S. aureus is distinctly different from the above two representatives of that class, in that it does catalyze methanolysis of depsipeptides (but not of benzylpenicillin). The methanolysis kinetics suggest that deacylation is rate-determining at saturation, a conclusion supported by the demonstration of an intermediate during the hydrolysis of m-[[(phenylacetyl)glycyl]oxy]benzoate, subsequent to leaving-group departure. The beta-lactamases have thus been shown to catalyze the hydrolysis of specific depsipeptides with comparable facility to that demonstrated by D-alanyl-D-alanine carboxypeptidase/transpeptidases. The former enzymes, however, differ in being unable to cleave the analogous peptides.